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Background: Exposure to air pollutants has been linked to the exacerbation of asthma, and it has become a
risk to human welfare and health throughout the globe. Previous works did not achieve a systematic study by
considering interactive effects of age, gender, and meteorological factors on the exposure-effect relationship
between air pollutants and asthma. We aimed to quantitatively investigate the effects of air pollutants on
hospitalizations for asthma in Chengdu, China.

Methods: This is a retrospective and population-based study. Data of asthma hospitalization records
for residents, the average daily concentrations of air pollutants including SO,, CO, NO,, O;, PM10, and
PM2.5, and meteorological variables from 1 January 2014 to 31 December 2014 in Chengdu, China, were
obtained from several government departments. A generalized additive model (GAM) was used to analyze
the exposure-effect relationship between air pollutants and daily asthma hospitalizations after controlling
the long-time seasonal trend, “day-of-week (DOW)” effect, holiday effect, and confounding meteorological
factors.

Results: A total of 7,503 hospitalizations were assessed. Significant associations between hospitalizations and
air pollutants were found. The relative risk (RR) for hospitalizations for every 10 pg/m’ increase in PM2.5 and
PM10 for the male group were 1.0121 [95% confidence interval (CI): 1.0012-1.0232] and 1.0075 (95% CI:
1.0001-1.015), respectively. The elderly (=65 years old) tended to have a higher RR (1.0022; 95% CI: 1.0001-
1.0043) for each 10 mg/m’ increase in CO than the other age groups. All pollutants had slightly protective
effects on the younger age group (<14 years old). O; had more significant effects in cold season, whereas
SO, impacted more significantly in warm seasons, particularly for females and adults (14-65 years old).
Conclusions: Adverse effects of ambient concentrations of air pollutants on hospitalizations for asthma are
evident, especially in specific population groups. Male patients were more susceptible to PM2.5 and PM10,
and the elderly were more sensitive to CO. The effects of O; in China were significant in the cold season,
whereas SO, impacted more significantly in the warm season particularly on females and adults. The study

would be meaningful for asthma intervention and corresponding healthcare resource management.
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Introduction

According to the global disease burden report released by
the World Health Organization (WHO) in 2016, about
300 million people worldwide currently have asthma (the
prevalence rate is about 1-18%). The increasing prevalence
of asthma has caused substantial economic and health care
burdens in most well-developed and developing countries.
Asthma is a major public health issue in the USA, affecting
over 23 million people (1). In China, the asthmatic
population has reached 30 million (2). Data of the recent
20 years show that the prevalence of asthma in China is
increasing at the rate of 20-50% every 10 years. By 2025,
the asthmatic population is expected to increase by 100-
150 million and be responsible for about 1 in 250 deaths
per year.

The health effects of air pollution have been subject to
intense study in recent years. Outdoor air contaminants
consist of primary pollutants emitted directly into the
atmosphere, such as sulphur dioxide (SO,), nitrogen dioxide
(NO,), carbon monoxide (CO), and particulate matter
(PM2.5, PM10), along with secondary pollutants that
form in the air as a result of chemical reactions with other
pollutants and gases such as ozone (Oj;), nitrogen oxide
species, and some particles (3). Exposure to pollutants such
as airborne particulate matter and O; has been associated
with increases in mortality and hospital admissions

Highlight box

Key findings
¢ Significant associations between hospitalizations for asthma and
air pollutants were found in some population groups, especially in

specific age-, gender-, and season-groups.

What is known and what is new?

® Previous works found that SO, and NO, were significant risk
factors for asthma hospitalization of the elderly. The associations
appeared to be more evident in the cool seasons than in warm
seasons.

*  We observed that the elderly was more sensitive to CO. The effects
of O; were significant in the cold season, whereas SO, impacted
more significantly in the warm season particularly on females and
adults.

What is the implication, and what should change now?

® Males are more sensitive to PM2.5 and PM10, whereas the elderly
are more sensitive to CO. We should pay more attention to SO, in
the warm season and be more vigilant against harmful effects of O,

in the cold season.
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due to respiratory disease (4,5). Epidemiological and
toxicological studies show that expose to allergens, viral
respiratory infections, and air pollutants increases the risk
of hospitalization in patients with asthma (6-8). Fewer than
1% of the 500 largest cities in China meet the air quality
standards (AQS; e.g., PM10, 20 pg/m’ for annual average
and 50 pg/m’ for daily average) recommended by the
WHO, and 7 of these cities are ranked among the 10 most
polluted cities in the world (9). The prevalence and risk
factors of asthma in several metropolitan cities in China
including Beijing, Chengdu, and Guangzhou have become
comparable to those in other developed countries (10).

A recent study pointed out that the prevalence rate
of asthma in children aged 0-14 years was 4.56% in
Chengdu (11). The city is located in the Sichuan Basin,
where the terrain varies greatly, the annual average wind
speed is low, and the climate is humid. The location and
climatic conditions make it difficult to diffuse pollutants.
From China’s Air Quality Assessment Report (12), the
average duration of air pollution in the city is 92.4 hours,
the days of air pollution accounts for 88% of one year,
including 9% of days of extreme air pollution. In addition,
the concentration of air pollution in 2014 often exceeded
the accepted level of AQS, (i.e., PM2.5 <75 pg/m’, PM10
<150 pg/mg, NO, <80 pg/m3 and O, <160 pg/ms. Hence,
quantitatively investigating the effects of air pollutants
on hospitalizations for asthma in this city is of great
importance, not only for regulating patients’ activities
when the outdoor air pollution levels are high, but also
for hospital allocation and scheduling of resources in an
effective and timely manner.

The effects of air pollution on asthma have aroused
widespread concern since the outbreak of asthma in Japan
in 1961 (13). Associations between air pollution and
increases in morbidity and mortality in asthma have been
observed in many studies in various parts of the world,
including Los Angeles (14), Nashville (15), New York (16),
Philadelphia (17), New Orleans (18), West Virginia (19),
and Leiden (20), and so on. Medina et 4/. (21) found that
the asthma visits for the elderly increased for the increase
of PM10 concentration. Sunyer ez al. (22) applied Poisson
time-series regression models and meta-analysis techniques
to study the combined association between air pollution
and the number of emergency admissions for asthma in 4
European cities from 1986 to 1992. The results showed
that the number of emergency patients aged 15-64
increased by 2.9% for every 50 pg/m’ increase in NO,
concentration. Szyszkowicz (23) applied a generalized

Ann Transl Med 2023;11(2):65 | https://dx.doi.org/10.21037/atm-22-6265



Annals of Translational Medicine, Vol 11, No 2 January 2023

linear mixed model to prove the hypothesis that emergency
department (ED) visits for asthma are associated with
exposure to O;. Cai er al. (24) applied an over-dispersed
generalized additive model (GAM) to investigate the
acute effect of air pollution on asthma hospitalization in
Shanghai, China, and showed that asthma hospitalization
was influenced more by SO, and NO,. The associations
appeared to be more evident in cool seasons than in warm
seasons. Luo et al. (25) utilized generalized linear Poisson
models to estimate the association of asthma hospital
admission with air pollution levels, and used a Markov
chain to explore the transition probabilities between high-
admission states and low-admission states. They found
that among PM2.5, PM10, NO,, and SO,, SO, was a
significant risk factor for asthma hospitalization among
the elderly. This phenomenon appeared more evidently,
especially in cold seasons for females. Halonen et a/. (26)
analyzed the associations between daily air pollution levels
and ED visits with Poisson regression and penalized thin
plate regression splines in the GAMs framework; the
results showed that children were more sensitive to smaller
particles and the elderly to larger particles, suggesting that
the effects of air pollution on asthma patients differ by age
group. Ko et al. (27) conducted a retrospective ecological
study to investigate the effects of air pollution on asthma
hospitalization rates in different age groups in Hong Kong,
by constructing a GAM using a Poisson distribution with
log-link function. They confirmed that children and the
elderly were more likely to be hospitalized when exposed
to air pollution. Woo ez al. (28) built a deep learning
algorithm to predict the deterioration of health symptoms
among asthmatic children aged 8-12 years, based on peak
expiratory flow rates (PEFR), indoor air pollution data,
and meteorological data (PM2.5, temperature, and relative
humidity). Sousa-Pinto er al. (29) assessed whether web-
based searches on common cold (Google Trends) would
correlate with and help to predict asthma hospitalizations.
The results showed that common cold-related web-based
searches display moderate-to-strong correlations with
asthma hospitalizations and may be useful in forecasting
them. Nadali ez 4/. (30) used a generalized linear model
(GLM) and distributed lag model (DLM) with the
family of Poisson distribution to investigate the asthma
hospitalization associated with air pollution.

However, previous studies have had several limitations.
It has been uncovered that age, gender, and meteorological
factors may have interactive effects on the exposure-effect
relationship between air pollutants and human health (31).
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Some of the previous works either did not consider age,
gender, and seasonality as potential risk factors of asthma
hospitalization at the same time, or did not involve SO,,
CO, NO,, O;, PM10, and PM2.5 as air pollutants and
daily average/maximum/minimum temperature, relative
humidity, and daily average wind speed as meteorological
factors in a study. This study aimed to quantitatively
investigate the effects of air pollutants on hospitalizations
for asthma, by conducting age-, gender-, and season-specific
analyses to achieve a systematic study. Based on our work,
asthma intervention and corresponding healthcare resource
allocation can be conducted in advance. We present the
following article in accordance with the STROBE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-6265/rc).

Methods
Data

Data of hospitalizations for asthma

The studied region of the Sichuan province (Chengdu) is a
densely populated city situated in the southwestern China.
The total population had reached 21.19 million by the
end of 2021 with a population density of 1,478/km’. The
city covered a total of 692 hospitals and 80,000 physicians,
and 88.28% of the total population has participated in the
basic medical insurance. Hence, almost all of the admission
records can be searched in the medical insurance system.
Approximately 12 million residents were covered from
1 January 2014 to 31 December 2014 (365 days). A total
of 7,503 records of asthma hospitalizations for residents
during this period were obtained from the Database of
Medical Insurance Office. Patient code, age, gender, date of
admission, main diagnosis code, and diagnosis description
were involved covariates. According to the International
Classification of Diseases, Revision 10 (ICD-10), diagnosis
of asthma is coded as J45.001, J45.005, J45.901, and
J45.903. The data was also classified by gender, age, and
season. Warm season was defined as a period from April to
September, and cold season was defined as the remaining
period in a year. Patients were clustered into 3 age groups:
<14 years, 14-65 years, and >65 years. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Data of air pollution and meteorology
Daily (24 hours) air pollution concentration data including
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date, SO,, NO,, O;, particulates with an aerodynamic
diameter of less than 10 pm particulate matter (PM10) and
2.5 pm (PM2.5) with unit pg/m’ and CO with unit mg/m’
from 1 January 2014 to 31 December 2014 in the studied
region, were extracted from the website of the Environment
Monitoring Center (EMC) database. To allow adjustment
for the effects of weather on hospital admissions,
meteorological data including date, daily average/maximum/
minimum temperature (°C), relative humidity (%), and daily
average wind speed (mn/s) were collected from the website of
the Meteorological Bureau.

Statistical analysis

In any given a day or week, only a small group of the
population is admitted to hospitals. The number of
admissions is a count; that is, it can only take on values
limited to the non-negative integers. This indicates that
a Poisson process is the underlying mechanism being
modeled. In this setting, time-series analysis is often used
to study health effects of the short-term fluctuation of air
pollutant concentration. We used the date of admission as
the specific incidence date of asthma for each patient, as the
specific incidence date data cannot be captured in a real-
life scenario. Air pollution levels and the number of daily
hospitalizations for asthma were linked by date index and
therefore could be analyzed in a time-series framework.
The association between hospitalizations for asthma and
air pollution levels was evaluated by constructing a core
model, which is a GAM using a Poisson distribution with
log-link function. The nonparametric regression relaxes
the usual assumption of linearity of GLM and enables
more flexible data exploration, uncovering nonlinear
structure in the data. The GAM regressed the daily count
of asthma admissions on the time variable (day) and
DOW. The smoothing functions of meteorological factors
(daily average/maximum/minimum temperature, relative
humidity, and daily average wind speed), seasonality, holiday
indicator, and other time-based variables were incorporated
in the GAM to adjust for the potential nonlinear
confounding effects. Smoothing of the confounding
effects was to control for the long-term seasonal patterns
of hospitalizations for asthma and interactive effects of
meteorological factors on the exposure-effect relationship
between air pollutants and asthma, and natural cubic
spline were chosen as smoothers. Each core model was
identified based on the degree of freedom that derived
the minimum Akaike’s Information Criterion (AIC) value.
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Finally, considering the AICs and the actual situation in
China, what really affects the hospital admission of Chinese
people is the Spring Festival and the year-end settlement of
Chinese hospitals, not the ordinary holidays, so only these 2
factors were considered as holiday variables.

After establishing the core model, the average daily
concentrations of PM2.5, PM10, CO, SO,, NO,, and O,
were then added with only 1 pollutant once into the core
model to determine the relative risk (RR) of hospitalizations
for asthma for a 10 pg/m’ (10 mg/m’ for CO) increase in
each of these air pollutants. The concentrations of all the
air pollutants for the same day (lag0) up to 7 lag days (lag7)
and cumulative lags by 2 (lag01), and 3 (lag02) to 8 days
(lag07) were tested in each model. Lag07 corresponds to
8-day moving average of pollutant concentration of the
recent 8 days in RR analysis. The lag day (best lag) with the
air pollutant concentration that yielded the largest RR value
was chosen. We conducted age-, sex-, and season-specific
analyses. The statistical significance of differences on air
pollution effects on hospitalizations for asthma between
subgroups were tested by calculating the 95% confidence
interval (95% CI). Mult-pollutant models were constructed
for air pollutants that were significant in the single-pollutant
analysis, and the lag that had the strongest univariate effect
was tested.

The correlation coefficients of the individual air
pollutants and meteorological factors were examined. To
address the collinearity between different air pollutants,
only those air pollutants with correlation less than 0.7 were
entered into the model. The null hypothesis of this test,
HO, was that there were no differences of air pollution
effects on hospitalizations for asthma between subgroups.
Permutations of all air pollutants were performed in RR
analysis by entering each pairwise of pollutants into the core
model.

The results of all the statistical tests with two-sided
P<0.05 were considered statistically significant. All models
were fitted using R software (version 3.4.4; r Foundation
for Statistical Computing, Vienna, Austria, http://cran.
r-project.org/) with the mgcv package.

Results

Figure 1 provides a first view of the data and shows the
time-series daily admission volume. The figure suggests a
nonstationary fluctuation without obvious trend. It can be
clearly found that there was a sharp decline in admissions
at the end of the year, possibly resulting from the year-end
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Figure 1 The number of daily asthma admissions in the city from
1 January 2014 to 31 December 2014.

Table 1 Demographic characteristics of hospitalizations due to
asthma from 1 January 2014 to 31 December 2014

Population groups Number of patients

Total 7,503
Male 2,957
Female 4,546
>65 years old 1,586
14-65 years old 5,336
<14 years old 581

Warm 3,846
Cold 3,657

Cold season: from October to March; warm season: from April
to September.

settlement effect.

Table 1 and Table 2 summarize the basic statistics for our
study. From 1 January 2014 to 31 December 2014, a total of
7,503 hospitalizations for asthma were recorded; on average,
there were approximate 21 admissions per day in our study
area. Among them, females accounted for about 60.55%.
The share of the total population for the elderly (=65 years
old), adults (14-65 years old), and children (<14 years
old) was 21.14%, 71.12%, and 7.74%, respectively. The
number of hospitalizations for asthma was higher in the
warm season (21.02 per day), compared to that in the
cold season (20.09 per day). During the study period, the
average of daily concentrations was 72.7 pg/m’ for PM2.5,
117.2 }1g/m3 for PM10, 18.1 }1g/m3 for SO,, 1.1 mg/m3 for

© Annals of Translational Medicine. All rights reserved.
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CO, 52.7 pg/m’ for NO,, and 82.8 pg/m’ for O;.

There are 6 levels of air quality. The higher the level,
the more serious the air pollution. Levels 1 to 6 represent
excellent, good, mildly polluted, moderately polluted,
heavily polluted, and severely polluted, respectively. It can be
seen from the top panel of Figure 2 that there were 129 days
in the studied city that were mildly polluted or above
(accounting for 36% of the whole year). Most of the time,
air quality was good (accounting for 55% of the whole
year), and only 35 days presented excellent air quality. The
red lines in the bottom panel of Figure 2 represent the
standard concentration of air pollutants according to China
AQS. The concentrations of SO, and CO did not exceed
the standard. The concentrations of PM2.5 and PM10
were similar and their over-standard rates were 31.8% and
23.3%, respectively. The over-standard rates of NO, and O;
were 6% and 4.9%, respectively.

Generally, the correlation coefficients of the individual
air pollutants and meteorological factors were examined.
From Tuable 3, PM2.5, PM10, SO,, CO, and NO, had
moderately high correlation coefficients with each other.
Particularly, a close correlation between PM10 and PM2.5
was observed, SO, and NO, had a strong correlation,
and strong correlation relationships between CO and
PM2.5, PM10, and NO, were observed. Meanwhile, air
pollutant concentrations showed a certain correlation
with daily temperature measures (Mean temperature,
Min temperature, and Max temperature). A high positive
correlation existed between O; and Max temperature,
whereas the correlation between temperature measures
with other air pollutants was significantly negative. These
temperature measures also had significantly high correlation
coefficients with each other. Relative humidity had no
correlation with air pollutants and temperature measures.
Wind speed showed a significantly negative correlation
with PM2.5, PM10, SO,, CO, and NO,, indicating that
concentrations of these 5 air pollutants may decrease with
the wind speed. The higher the correlation between air
pollutants and meteorological factors is, the stronger the
interactive effects of meteorological factors have on the
exposure-effect relationship between air pollutants and
asthma.

Table 4 summarizes the results of the single-pollutant
analysis for hospitalization due to asthma. An increase of
10 pg/m’ (10 mg/m’ for CO) of PM2.5, PM10, SO,, CO,
NO,, and O; was not associated with increased risks for
asthma hospitalizations for all the air pollutants at a lag day
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Table 2 Summary statistics of daily hospitalizations for asthma, air pollutant concentrations, and meteorological measures from 1 January 2014 to

31 December 2014

Type Indicator Mean (SD) Min® P25°* P75° IQR? Max?*
Total population 20.56 (6.52) 2 16 25 9 44
Male 8.10 (3.51) 1 6 10 4 24
Female 12.45 (4.65) 1 9 15 6 32
Daily admissions >65 years old 4.35 (2.33) 0 3 6 3 13
14-65 years old 14.62 (5.18) 0 11 18 7 33
<14 years old 1.59 (1.64) 0 0 2 2 9
Warm® 21.02 (6.27) 8 16 25 9 44
Cold® 20.09 (6.74) 2 16 25 9 36

PM2.5° 72.70 (53.38) 11 37 89.5 52.5 396

PM10° 117.15 (73.21) 21 67 148.5 81.5 562
Air pollutants SO,° 18.08 (9.90) 4 11.5 21.5 10 61
co° 1.095 (0.37) 0.4 0.8 1 1.3 2.3

NO,° 52.68 (15.88) 20 41 61 20 108

0.° 82.76 (43.38) 15 47 112 65 249
Meteorological Mean.temp® 18.02 (7.29) 2 12 24 12 30
measures Min.temp® 14.65 (7.09) 1 9 21 12 26
Max.temp® 21.39 (7.83) 4 15 28 13 37
Relative.hum® 70.83 (9.44) 30 65 78 13 92
Wind.sp* 4.41 (2.02) 0 3 5 2 15

2, Min: minimum; P25: 25th percentile; P75: 75th percentile; IQR: interquartile range (P75-P25); Max: maximum.®, cold season: from
October to March; warm season: from April to September. ¢, PM2.5, PM10, SO,, NO, and O, with unit pg/ma, CO with unit mg/ms. ¢ mean.
temp: mean temperature; min.temp: min temperature; Max.temp: max temperature with unit Celsius degree (°C); relative.hum: relative
humid with unit %; wind.sp: wind speed with unit meter/second (m/s). CO, carbon monoxide; SO,, sulphur dioxide; NO, nitrogen dioxide;
0O,, ozone; PM2.5 and PM10, particulates with an aerodynamic diameter of less than 2.5 and 10 pm particulate matter.

ranging from 0 to 7 or cumulative lag days ranging from 01
to 07. The effects of these 6 air pollutants on the studied
total population of hospitalizations due to asthma was not
significant. Table 4 also shows the effects of air pollutants
on the different age and gender groups. The increase in
the concentrations of PM2.5 and PM10 had no significant
effect on the female group, but the RR for hospitalization
for every 10 pg/m’ increase in PM2.5 and PM10 for the
male group were 1.0121 (95% CI: 1.0012-1.0232) and
1.0075 (95% CI: 1.0001-1.015), respectively. Both NO, and
O; showed slightly protective effects on the female and male
groups, with RR values of 0.9617 with cumulative lags 06
and 0.9872 with lag day 1, respectively. Only an increase in

© Annals of Translational Medicine. All rights reserved.

CO significantly increased the hospitalizations of the elderly
patients, whereas only NO, showed slightly protective
effects on the elderly patients with a RR value 0.957 (95%
CIL: 0.9229-0.9922). The elderly (=65 years old) tended
to have a higher RR (1.0022, 95% CI: 1.0001-1.0043) for
each 10 mg/m’ increase in CO than other age groups. All
6 pollutants had no significant effects on the group aged
14-65 years, whereas all these pollutants had slightly
protective effects on the younger age group (<14 years old),
and the RR for hospitalization due to asthma for every 10
pg/rn3 (10 mg/rn3 for CO) increase in PM2.5, PM10, SO,,
CO, NO,, and O, were 0.954, 0.9692, 0.8715, 0.9959,
0.9177, and 0.938, respectively. The lag day (best lag) with
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Figure 2 Air quality levels and daily average concentrations of air pollutants from 1 January 2014 to 31 December 2014. PM2.5 and PM10,
particulates with an aerodynamic diameter of less than 2.5 pm and 10 pm particulate matter; SO,, sulphur dioxide; CO, carbon monoxide;
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Table 3 Pearson’s correlations between air pollutants and meteorological data from 1 January 2014 to 31 December 2014

Air pollutants and

meteorological PM2.5 PM10 SO, CcO NO, (ON Mean. Min.temp Max.temp Relative.  Wind.
measures temp hum SP
PM2.5 1

PM10 0.974* 1

SO, 0.637*  0.676*" 1

CO 0.790*  0.767* 0.668** 1

NO, 0.627*  0.682** 0.700** 0.725** 1

O, -0.177*  -0.174* -0.212* -0.310" -0.092 1

Mean.temp -0.470* -0.482* -0.459* -0.496™ -0.301™ 0.714* 1

Min.temp -0.517* -0.539* -0.497* -0.526™ -0.370"™ 0.591** 0.971* 1

Max.temp -0.407 -0.409** -0.400** -0.442* -0.224* 0.790*" 0.977**  0.901* 1

Relative.hum -0.010 -0.115 -0.220 0.144 -0.154 -0.437 -0.024 0.106 -0.14 1

Wind.sp -0.408" -0.439* -0.328* -0.473"* -0.573** 0.108 0.169 0.214 0.123 -0.03 1

**, the significance level is 0.01; *, the significance level is 0.05. CO, carbon monoxide; SO,, sulphur dioxide; NO,, nitrogen dioxide; O,
ozone; PM2.5 and PM10, particulates with an aerodynamic diameter of less than 2.5 pm and 10 ym particulate matter.

Table 4 Relative risk and 95% confidence intervals for the pollutants per 10 pg/m’ (mg/m’ for CO) increase in the concentration for
hospitalizations due to asthma (single-pollutant model) in all cases

Lag effects Cumulative effects
Air pollutants Groups
Lag days RR (95% Cl) Lag days RR (95% CI)
PM2.5 All - NS - NS
Male 3 1.0121 (1.0012, 1.0232)* - NS
Female - NS - NS
>65 years old - NS - NS
14-65 years old - NS - NS
<14 years old 0 0.954 (0.9237, 0.9854)** 00 0.954 (0.9237, 0.9854)**
PM10 All - NS - NS
Male 4 1.0075 (1.0001, 1.015) - NS
Female - NS - NS
>65 years old - NS - NS
14-65 years old - NS - NS
<14 years old 0 0.9692 (0.9485, 0.9903)** 00 0.9692 (0.9485, 0.9903)**
Table 4 (continued)
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Table 4 (continued)
Lag effects Cumulative effects
Air pollutants Groups
Lag days RR (95% ClI) Lag days RR (95% ClI)
SO, All - NS - NS
Male - NS - NS
Female - NS - NS
>65 years old - NS - NS
14-65 years old - NS - NS
<14 years old 0 0.8715 (0.7688, 0.9878)* 00 0.8715(0.7688, 0.9878)*
CO All - NS - NS
Male - NS - NS
Female - NS - NS
>65 years old - NS 01 1.0022 (1.0001, 1.0043)*
14-65 years old - NS - NS
<14 years old 7 0.9959 (0.9928, 0.999)** - NS
NO, All - NS - NS
Male - NS - NS
Female 7 0.9789 (0.9584, 0.9998)* 06 0.9617 (0.9263, 0.9984)*
>65 years old 6 0.957(0.9229, 0.9922)* - NS
14-65 years old - NS - NS
<14 years old 0 0.9177 (0.8447, 0.9971)* 00 0.9177 (0.8447, 0.9971)*
O, All - NS - NS
Male 1 0.9872 (0.9753, 0.9992)* - NS
Female - NS - NS
>65 years old - NS - NS
14-65 years old - NS - NS
<14 years old 0 0.9544 (0.9257, 0.9839)** 02 0.938 (0.9007, 0.9768)**

** the significance level is 0.01; * the significance level is 0.05. NS, no significance. CO, carbon monoxide; SO,, sulphur dioxide; NO,,
nitrogen dioxide; O;, ozone; PM2.5 and PM10, particulates with an aerodynamic diameter of less than 2.5 and 10 pm particulate matter.

the air pollutant concentration that yielded the largest RR
value was also presented in Table 4.

The single-pollutant model’s estimates of season-specific
effects for each pollutant are summarized in Table 5. In the
cold season, the concentrations of PM2.5 and PM10 were
associated with the higher hospitalizations for the elderly
(RR 1.0226, 95% CI: 1.0023-1.0434) and the males (RR
1.0097, 95% CI: 1.0008-1.0186), respectively; an increase
in O; in the cold season would increase the hospitalizations

© Annals of Translational Medicine. All rights reserved.

of all the groups, except for that of the younger age group
(<14 years old); CO and NO, played a slightly protective
role on the most groups, and SO, only impacted on the
elderly group with a slightly protective effect. In the
warm season, concentration increases in PM10 led to the
increase of hospitalizations of males (RR 1.0193, 95% CI:
1.0038-1.035) and the adult age group (RR 1.0165, 95%
CI: 1.0013-1.0318). Different from the cold season, SO,
had significant effects on all other groups, such as females

Ann Transl Med 2023;11(2):65 | https://dx.doi.org/10.21037/atm-22-6265
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Table 6 Relative risk and 95% confidence intervals for the pollutants per 10 pg/m’ (mg/m’ for CO) increase in the concentration for

hospitalizations due to asthma (multi-pollutant model)

Multi-pollutant model Male

> 65 years old

The first pollutant

1.1026 (1.004, 1.2109)*

The second pollutant

PM2.5 (lag1)

+ O3 (lag1)
0.8948 (0.8023, 1.0125)*

CO (lag01)
1.0098 (1.0005, 1.0191)*
+ O; (lagb)
1.0471 (0.973, 1.1268)*

* the significance level is 0.05. CO, carbon monoxide; O;, ozone; PM2.5, particulates with an aerodynamic diameter of less than

2.5 pym particulate matter.

(RR 1.1523, 95% CI: 1.0042-1.3222), the adult age group
(RR 1.1739, 95% CI: 1.0349-1.3317), and the younger
age group (RR 0.7318, 95% CI: 0.5547-0.9653). CO only
impacted on males with an increased risk of hospitalization
in the warm season. Both PM2.5 and O; had a protective
effect on the younger age group, whereas NO, had no
significant effect on all the specific groups. The cold season
was associated with a higher risk of hospital admissions for
asthma compared with the warm season, given the same
10 pg/m’ increase in the level of O;. Stronger associations
were observed in the warm season for SO,.

The multi-pollutant model was conducted with the
results shown in Tiable 6. As the levels of PM2.5, PM10, SO,,
NO,, and CO were highly correlated (7able 3), only 1 of
them was selected in the multi-pollutant model. In addition,
as the negative effect of the 6 pollutants on females, adults,
and the younger age group was very weak, even protective,
the multi-pollutant models only considering the male and
the elderly groups were conducted. From Table 4, PM2.5
were chosen into the multi-pollutant model with the male
group as it had higher RR for asthma admissions when
compared with PM10. O; was also chosen in the model
because its correlation with other 5 air pollutants was low.

Discussion

Our study has shown that air pollutants have adverse effects
on hospitalizations due to asthma, especially in specific age-,
gender-, and season-group. Such effects could be found in
males, females, the elderly, adults, and children, and the
effects of different air pollutants on asthma admissions
varies with different groups.

The strength of our study is that data we used for
research were derived from the reliable institution of
Medical Insurance Office, which captured the medical
information of people who use medical insurance in the

© Annals of Translational Medicine. All rights reserved.

studied city. In addition, the corresponding air pollutants
and meteorological data were synthetically considered in
this study. Previous studies that assessed the effects of air
pollutants on hospitalizations related asthma focused on the
elderly group aged above 65 years old in the city (25), and
the younger group aged below 18 years old (32). A study
estimated the associations between ambient particulate
matter pollution and hospital admissions from respiratory
diseases and cardiovascular diseases, but unfortunately, it
was difficult for us to understand the effects of air pollutants
on asthma admissions alone from the merged data. Although
many studies have performed similar investigations in other
areas, the air pollutants or risk factors they considered were
not comprehensive (24,33-35).

According to the classification standard of AQI, air
quality is acceptable when the AQI reaches level 2, but
some pollutants may have adverse effects on a very small
number of abnormally sensitive people. When the AQI
reaches level 3 or above, people with respiratory diseases
may experience worsening symptoms. Asthma patients are
extremely sensitive to air pollutants. However, there were
only 35 days in 2014 that air quality was excellent, which is
not good for asthma patients. The problem related to air
pollution in the studied city is not optimistic. The sharp
decline in hospitalizations at the end of the year was most
likely due to the year-end settlement of Chinese hospitals.
Many people will be discharged at the end of the year and
hospitalized in time for the next year, as can be seen from
the rebound in admissions on the first day of year 2014.
In the course of modeling, we found that there was no
significant difference in hospitalizations between general
holidays and non-general holidays, but the impact of Spring
Festival and the year-end settlement was worth noticing,
which is a result with China-specific characteristics. Hence,
we finally only chose the 2 periods as holiday variables.

As the GAM model was repeatedly tested and successfully
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constructed, we found that the effects of air pollution on
hospitalizations of the total studied population was not
significant. Such results were different from many previous
studies and were contrary to our common sense. Wilson
et al. (36) proposed that all studies they reviewed reported
a significant relationship with at least one pollutant species.
This may be partly influenced by publication bias, explicitly,
the tendency for studies that yield positive results to be
published, whereas those that determine no significant
effects to remain “in the file drawer” (37). Considering
that the time span of our data was not large enough, we
continued our research by grouping patients. To observe
whether the effects of air pollutants were consistent in
the cold and warm seasons, we also divided the year into
2 seasons. Fortunately, significant associations were found
in some specific groups and the fact that some air pollutants
played different roles in different seasons was also found.

We observed that every 10 pg/m’ increase of PM2.5
and PM10 was significantly associated with increased
hospitalizations for males. Besides, the adverse impact of
PM10 on males existed in both cold and warm seasons. The
results of multi-pollutant models also showed that PM2.5
had a positive association with hospitalizations of males.
This means that male patients were susceptible to PM2.5
and PM10 in this study. A similar finding was reported in a
study in Kalmar, Sweden, which noted that risk for asthma
in men would increase when occupational exposure to air
pollution from dust or smoke (similar to ambient particulate
matter pollution), whereas no risk was seen in women (38).
When patients were grouped by age, we noted that every
10 mg/m’ increase in CO significantly increased the
hospitalizations of the elderly. The same result could also
be seen in the result of multi-pollution model. Koskela (39)
found a significant correlation between the incidence of
angina pectoris and CO. In the study of Pan er a/. (40), it
was found that there was a significant correlation between
the number of asthma outpatients and admissions and CO.
As the function of heart and respiratory systems in the
elderly is relatively weak when compared with the younger
population, we can reasonably guess that the elderly are
more sensitive to CO compared to the younger group.
We noted that 6 pollutants have slight protective effects
on the younger age group (<14 years old), which was a
rather strange result. This could be because children aged
4-14 years old usually attend school, mainly indoors. For
children under 4 years old, when air pollution is serious,
their parents usually take adequate protective measures (not
going out or wearing masks).

© Annals of Translational Medicine. All rights reserved.
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In this study, O; had more adverse effects in the cold
season compared with the warm season on all age-based and
gender-based groups (except for the younger age group),
whereas SO, impacted more significantly in the warm
season particularly on females and adults. Sun Hong, doctor
of Jiangsu Province Centers for Disease Control, and his
team chose data from 9 cities in Jiangsu Province to study
the impact of short-term ozone exposure on human health.
On 9 November 2017, Hong said at the special report of
“Environment and Health” in Nanjing, “Studies in other
countries (41,42) have found that the adverse effects of
ozone on human health were mainly in summer and warm
season, but this does not match the reality of China. As the
incidence of respiratory diseases often increases in autumn
and winter and stimulation of ozone can easily cause
discomfort in patients, the effects of ozone in China were
significant in the cold season”. Similarly, they found that
the effects of ozone were not significant throughout the
year or in the warm season. In addition, a study in Harris
County Texas observed no association between increased
O; levels and children diagnosed with asthma in colder
months. Tramuto et a/. (43) studied data from January
2004 to December 2007 in Palermo, Italy, and observed
that SO, demonstrated a clear adverse effect on emergency
room admissions due to asthma in the warm season, yet no
similar risk was seen in the cold season. Both CO and NO,
were observed to play a slightly protective role on the most
groups in the cold season in our current study. Similarity,
Tramuto et al. (43) also did not find adverse effects of CO
and NO, in the cold season. The protective effects we found
in this study were very weak, so further study is needed in
the near future.

Our study has some limitations. First, as in many other
similar studies, our study could not assess precise exposure
to 1 specific pollutant. The interaction effect among air
pollutants was the difficulty we could not avoid. Secondly,
despite the volume of data, the data we studied only
covered 1 year. We deleted some insignificant confounding
variables in the modeling process, and we found that air
pollutants were not significant in the whole population.
The reason that those variables or air pollutants were
not significant may be that they are really not significant,
or that the data was insufficient. Hence, we need more
data to validate our results in the future. Also, we did not
locate relevant literature to explain why the increase of
air pollutant concentration had reduced the number of
children admitted to hospital. We have only made some
reasonable guesses.
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Conclusions

In summary, except for NO,, the other 5 air pollutants
were significantly associated with increased asthma
hospitalizations of some specific groups in the studied city.
Males were more sensitive to PM2.5 and PM10, whereas
the elderly were more sensitive to CO. We should pay
more attention to the harmful effects of SO, in the warm
season and be more proactive against the harmful effects
of O; in the cold season. As reducing respiratory diseases
caused by air pollution could reduce the financial burden of
governments and individuals, and improve the living quality
of residents, measures to improve air quality are urgently
needed. Our work, a fundamental study on asthma resource
management, not only explores the relationship between
air pollution and hospitalizations due to asthma, but also
is of great significance in the implementation of asthma
intervention and the allocation of corresponding healthcare
resources. Besides, the findings in this study bear meaning
for asthma patients and other residents to reduce the harm
caused by air pollution.
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